A New Approach to Evaluate the Effectiveness of Rockfall Barriers  by Mentani, Alessio et al.
 Procedia Engineering  158 ( 2016 )  398 – 403 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
doi: 10.1016/j.proeng.2016.08.462 
ScienceDirect
Available online at www.sciencedirect.com
9,,7$/,$1&21)(5(1&(2)5(6($5&+(56,1*(27(&+1,&$/(1*,1((5,1*±
*HRWHFKQLFDO(QJLQHHULQJLQ0XOWLGLVFLSOLQDU\5HVHDUFKIURP0LFURVFDOHWR5HJLRQDO6FDOH
&15,*
$QHZDSSURDFKWRHYDOXDWHWKHHIIHFWLYHQHVVRIURFNIDOOEDUULHUV
$OHVVLR0HQWDQLD/DXUD*RYRQLD*XLGR*RWWDUGLD6WpSKDQH/DPEHUWE)UDQFN
%RXUULHUF'DYLG7RHF
D8QLYHUVLW\RI%RORJQD'HSDUWPHQWRI&LYLO&KHPLFDO(QYLURQPHQWDODQG0DWHULDOV(QJLQHHULQJ9LDOH5LVRUJLPHQWR%RORJQD,WDO\
E8QLYHUVLWp*UHQREOH$OSHV,UVWHD85(7*5&HQWUHGH*UHQREOHUXHGHOD3DSHWHULH%3)6W0DUWLQG
+qUHV)UDQFH
F8QLYHUVLWp*UHQREOH$OSHV,UVWHD85(0*5&HQWUHGH*UHQREOHUXHGHOD3DSHWHULH%3)6W0DUWLQG
+qUHV)UDQFH
$EVWUDFW
7KH SDSHU DGGUHVVHV WKH UHVSRQVH RI D VHPLULJLG URFNIDOO SURWHFWLRQ EDUULHU XVLQJQXPHULFDOPRGHOV 7KH VWXG\ VKRZ D ODUJH
GHSHQGHQFHRIWKHEDUULHUUHVSRQVHWRWKHLPSDFWFRQGLWLRQV7KHEORFNVL]HDQGLPSDFWSRVLWLRQUDWKHUWKDQWKHYHORFLW\GLUHFWLRQ
DQGPDJQLWXGHLQGXFHGLIIHUHQWPRGHVRIIDLOXUHRIWKHIHQFHZKLFKLQWXUQUHVXOWLQGLIIHUHQWYDOXHVRIIDLOXUHHQHUJ\$VDUHVXOW
WKHEDUULHUFDSDFLW\FDQQRWEHHVWDEOLVKHGLQDGHWHUPLQLVWLFZD\7KHHIIHFWLYHQHVVRIVWUXFWXUHVDVVXFKFDQEHPRUHVXFFHVVIXOO\
HYDOXDWHGWKURXJKDUHOLDELOLW\SUREDELOLVWLFDSSURDFK5HVXOWVFDQEHXVHGWRFUHDWHDPHWDPRGHORIWKHEDUULHUUHVSRQVHZKLFKFDQ
EHLQFRUSRUDWHGLQWRURFNIDOOVLPXODWLRQPRGHOVHQDEOLQJDUHOLDEOHDQGFRPSUHKHQVLYHGHVLJQRIURFNIDOOPLWLJDWLRQLQWHUYHQWLRQV
SHUIRUPHGZLWKWKLVW\SHRIVWUXFWXUH
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJDQGVFLHQWLILFFRPPLWWHHVRI&15,*
.H\ZRUGV5RFNIDOOPLWLJDWLRQ)(0SUREDELOLVWLFDSSURDFKURFNIDOOVLPXODWLRQPRGHOV
,QWURGXFWLRQ
7KHQRPLQDOFDSDFLW\RIIOH[LEOHURFNIDOOSURWHFWLRQEDUULHUVLVQRZHVWDEOLVKHGEDVHGRQUHVXOWVRIIXOOVFDOHWHVWV
RQ SURWRW\SHV IROORZLQJ VWDQGDUGLVHG SURFHGXUHV >@ 7KLV W\SH RI EDUULHU GLVVLSDWHV WKH HQHUJ\ SRVVHVVHG E\ DQ
LPSDFWLQJ EORFN WKURXJK WKH GHYHORSPHQW RI ODUJH SODVWLF GHIRUPDWLRQ RI WKH LQWHUFHSWLRQ VWUXFWXUHV DQG HQHUJ\


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVOJRYRQL#XQLERLW
© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
399 Alessio Mentani et al. /  Procedia Engineering  158 ( 2016 )  398 – 403 
GLVVLSDWLQJGHYLFHVPRXQWHGRQFDEOHV1XPHULFDOVWXGLHVUHFHQWO\FDUULHGRXWRQEDUULHUPRGHOVDGHTXDWHO\FDOLEUDWHG
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ZLWKORZYDOXHVRINLQHWLFHQHUJ\ZLWKRXWWKHVXSSRUWRIVWDQGDUGL]HGSUHVFULSWLRQDQGQRIXOOVFDOHWHVWVDUHUHTXHVWHG
2QO\ LQ WKH ODVW IHZ\HDUV WKHUHVSRQVHRI WKHVHSURWHFWLRQVWUXFWXUHVKDVEHHQ LQYHVWLJDWHG OHGE\ WKHQHHGRI
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UHVLGXDOURFNIDOOULVNDVVHVVPHQWV>@$QXPHULFDOSURFHGXUHEDVHGRQH[SHULPHQWDOGDWDXVHGIRUIOH[LEOHEDUULHU
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$XVWUDOLDKDVDOVR OHG LQ UHFHQW\HDUV WR WKH
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DORQJWKHFHQWHUOLQHRUKRUL]RQWDOO\DVGHSLFWHGLQ)LJF([SORUHGSRVLWLRQVZHUHPXSZDUGPGRZQZDUG
DQGPOHIW5HIHUHQFHWHVWFRQGLWLRQLVUHSUHVHQWHGE\DFHQWUDOLPSDFWRIDPEORFNQRUPDOWRWKHLQWHUFHSWLRQ
VWUXFWXUH(DFKSDUDPHWHUZDVYDULHGZKLOHNHHSLQJWKHRWKHUXQYDULHG
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E\WKHYDULDWLRQRIWKHFRQVLGHUHGSDUDPHWHUV2EVHUYHGYDOXHVRIIDLOXUHHQHUJ\YDULHGEHWZHHQN-DQGN-$V
IRUWKHEORFNVL]HWKHPD[LPXPYDOXHVRIIDLOXUHHQHUJ\ZHUHDVVRFLDWHGWRWKHODUJHVWEORFNVIURPPWRPRI
H[WHUQDOOHQJWK:LWKLQWKLVUDQJHWKHLPSDFWHQHUJ\UHPDLQVDSSUR[LPDWHO\FRQVWDQWDQGHTXDOWRN-$UHGXFWLRQ
LQIDLOXUHHQHUJ\LVREVHUYHGDVWKHEORFNVL]HLVUHGXFHG0HGLXPVL]HEORFNVPWRPSURGXFHGIDLOXUH
ZLWKLPSDFWHQHUJ\DERXWN-7REULQJWKHIHQFHWRIDLOXUHVPDOOHUEORFNVIURPPWRPKDGWRLPSDFW
ZLWKIDLOXUHHQHUJ\HTXDOWRN-)LJD7KHUHODWLRQEHWZHHQEORFNLQFOLQDWLRQRIWKHWUDMHFWRU\DQGIDLOXUHHQHUJ\
VKRZHGWREHDSSUR[LPDWHO\OLQHDUZLWKWKHPLQLPXPYDOXHUHDFKHGDWDQLQFOLQDWLRQRIPLQXVDERXWN-DQG
DPD[LPXPYDOXHDFKLHYHGDWDERXWN-DVGHSLFWHGLQ)LJE)LQDOO\WKHIDLOXUHHQHUJ\GHFUHDVHVWR
N-E\PRYLQJWKHEORFNLPSDFWORFDWLRQGRZQZDUGRUXSZDUGDORQJWKHFHQWHUOLQHRIFP)LJGZKHUHDVDKLJK
HQHUJ\N-UHVXOWHGQHFHVVDU\WRPDNHWKHIHQFHIDLOZKHQPRYLQJWKHEORFNPOHIWWRWKHFHQWUHOLQH)LJF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
)LJ 6HOHFWLRQRI)(0 UHVXOWV IDLOXUH HQHUJ\SORWWHG DV IXQFWLRQRI D H[WHUQDO OHQJWKRI WKH LPSDFWLQJEORFN EEORFNYHORFLW\ DQJOH F
KRUL]RQWDOSRVLWLRQRIWKHEORFNZLWKUHVSHFWWRWKHEDUULHUFHQWUHDQGGEORFNYHUWLFDOSRVLWLRQDORQJWKHFHQWHUOLQH
7KLVWUHQGFDQEHH[SODLQHGZLWKDGLIIHUHQWIDLOXUHPRGHWULJJHUHGE\GLIIHUHQWLPSDFWFRQGLWLRQV$VIRUWKHEORFN
VL]H WKH IDLOXUHPRGH LV UHODWHG WR WKH QXPEHURI ORQJLWXGLQDO FDEOHV LQYROYHGE\ WKH LPSDFWLQJERG\GXULQJ WKH
VLPXODWLRQ)LJD7KHGHIRUPHGVKDSHRIWKHEDUULHULPSDFWHGE\WKHFPEORFNDQGFPEORFNDWIDLOXUHDUH
UHVSHFWLYHO\GHSLFWHGLQ)LJDDQG)LJE:KHQWKHEORFNYHORFLW\LVLQFOLQHGZLWKUHVSHFWWRWKHKRUL]RQWDOWKH
IDLOXUHPRGHLVUHODWHGWRWKHDQJOHVLJQ$GRZQZDUGPRYHPHQWRIWKHEORFNPDGHWKHV\VWHPIDLOE\FDXVLQJSODVWLF
KLQJHVDWWKHSRVWV)LJGZKLOHLIWKHEORFNLVPRYLQJXSZDUGLWRYHUFRPHVWKHQHWE\UROOLQJRXWIURPWKHWRS
)LJF


)LJ)HQFHIDLOXUHPRGHEORFNH[WHUQDOOHQJWKRIDFPDQGEFPEORFNLQFOLQDWLRQRIDDQGEHOHPHQWVZKLFKKDVHQWHUHG
WKHSODVWLFEUDQFKLQUHG
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$V D UHVXOW WKH EDUULHU FDSDFLW\ FDQQRW EH HVWDEOLVKHG LQ D GHWHUPLQLVWLF ZD\ $LPLQJ DW GHVFULELQJ PRUH
FRPSUHKHQVLYHO\WKHUHVSRQVHRIWKHVHPLULJLGEDUULHUDODUJHUVHWRISDUDPHWHUVDQGUDQJHVZDVLGHQWLILHG5HOLDEOH
LPSDFWFRQGLWLRQVIRUURFNIDOOSURWHFWLRQEDUULHUVDUHWKRVHSUHGLFWHGE\URFNIDOOSURSDJDWLRQPRGHOVDFFRUGLQJWR
ZKLFKGDWDZHUHHVWDEOLVKHGDVGHVFULEHGLQ7DEOHZKHUHSDUDPHWHUVDQGUHODWLYHUDQJHVDUHSURYLGHG
7DEOH3DUDPHWHUVDQGUDQJHIRU)(DQDO\VHV
SDUDPHWHUV UDQJH XQLW
9ROXPH  P
9HORFLW\ ± PV
5RWDWLRQDOYHORFLW\  UDGV
9HUWLFDOORFDWLRQ ± P
+RUL]RQWDOORFDWLRQ ± P
,QFLGHQFHDQJOH ± UDG

7KHORZHUWKUHVKROGRIWKHEORFNYROXPHLVUHIHUUHGWRDQH[WHUQDOOHQJWKRIFPDVPDOOHUEORFNZRXOGHDVLO\
SDVV WKURXJK WKH ORQJLWXGLQDOFDEOHVRI WKH LQWHUFHSWLRQVWUXFWXUHZKLOHDEORFN ODUJHU WKDQPPDVVRI WRQ
ZRXOGUXSWXUHWKHLQWHUFHSWLRQVWUXFWXUHLQVWDWLFFRQGLWLRQV7KHEORFNFHQWURLGLVWKHQPRYHGYHUWLFDOO\IURPPWR
WKHJURXQGDQGWKHQXSWRP7KHEORFNLVDOVRPRYHGKRUL]RQWDOO\DORQJWKHFHQWUDODQGVLGHVSDQV
$Q\FRPELQDWLRQRIWKHSDUDPHWHUVGHILQHDVHWRILQSXWGDWDIRUDVLQJOHVLPXODWLRQ2QWKHWRWDOSRVVLEOHD
OLPLWHG QXPEHU RI  )( VLPXODWLRQV ZHUH VHOHFWHG XVLQJ D /DWLQ+\SHUFXEH 6DPSOLQJ /+6 7KLV RSWLPL]HG
WHFKQLTXHUHIHUUHGWRDVSODQRIH[SHULPHQWDOORZHGWRVDPSOHLQDOOSDUWVRIWKHUDQJHRIHDFKLQSXWSDUDPHWHU,WLV
D VWDWLVWLFDO PHWKRG ZKLFK HQDEOH WR JHQHUDWH D VDPSOH RI SODXVLEOH FROOHFWLRQV RI SDUDPHWHU YDOXHV IURP D
PXOWLGLPHQVLRQDOGLVWULEXWLRQW\SLFDOO\XVHGWRDSSURSULDWHO\SODQDQXPHULFDOFDPSDLJQ
)RUHDFKVLPXODWLRQWKHWLPHKLVWRU\RIEORFNGLVSODFHPHQWWUDQVODWLRQDODQGURWDWLRQDOYHORFLWLHVZHUHUHFRUGHG
%DVHGRQWKHVHGDWDIDLOXUHRIWKHEDUULHUPRGHOZDVDVVRFLDWHGZLWKSDUDPHWHU
LPSDFW
ILQDO
Y
Y*    
ZKHUHRXWSXWYDOXHYILQDOLVWKHYDOXHRIWKHKRUL]RQWDOFRPSRQHQWRIWKHYHORFLW\DWWKHHQGRIWKHVLPXODWLRQDQGYLPSDFW
LVWKHYDOXHRIWKHKRUL]RQWDOFRPSRQHQWRIWKHYHORFLW\DWLPSDFW7KHTXDQWLW\ZDVLQWURGXFHGDQGVXFFHVVIXOO\XVHG
LQ>@)DLOXUHRIWKHEDUULHUPRGHOLVDVVRFLDWHGWRSRVLWLYHYDOXHRI*ZKHUHDVWKHEDUULHUPRGHOKDVDUUHVWHGWKH
LPSDFWLQJEORFNLI*LVQHJDWLYH


)LJ&XPXODWLYHGLVWULEXWLRQRIWKH*YDOXHIRUDVHPLULJLGEDUULHU
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7KHSUHOLPLQDU\VWXG\ZDVLQWHQGHGDVSURRIRIFRQFHSWIRUWKHFRQVWUXFWLRQRIDPHWDPRGHORIWKHUHVSRQVHRI
WKHVHPLULJLGEDUULHUV7RWKHVFRSHWKHJHQHUDOL]HGSRO\QRPLDOFKDRVH[SDQVLRQ3&(>@ZDVHPSOR\HGE\PHDQV
RIVRIWZDUH8TODE>@DQGDSSOLHGWRWKHUHVXOWVRIWKHDQDO\VHV)URPWKHPHWDPRGHOWKHSHUIRUPDQFHRIWKHVHPL
ULJLGEDUULHULVGHVFULEHGDVDIXQFWLRQRISDUDPHWHU*:LWKUHIHUHQFHWRWKHFDVHVWXG\HDUO\UHVXOWVDUHLQVHUWHGLQ
)LJ$VVKRZQWKHVWUXFWXUHLVHIILFLHQW*IRUDOLPLWHGQXPEHURIFDVHVFRQVLGHULQJWKHUDQJHRISRWHQWLDO
LPSDFWFRQILJXUDWLRQV$QLQWHUSUHWDWLRQDVVXFKLVDFRQYHQLHQWZD\WRGHILQHWKHSUREDELOLW\RIIDLOXUHRIDVHPLULJLG
EDUULHUZKLFKDFFRXQWQRWRQO\IRUWKHEORFNNLQHWLFHQHUJ\EXWIRUDOOWKHSDUDPHWHUVZKLFKGHVFULEHWKHEORFNIDOOLQJ
WUDMHFWRULHV
&RQFOXGLQJUHPDUNV
7KHSDSHUKDVH[SORUHGWKHUHVSRQVHRIDVHPLULJLGURFNIDOOSURWHFWLRQEDUULHUE\PHDQVRIDQXPHULFDOPRGHO
3UHOLPLQDU\ DQDO\VHVKDYHEHHQSHUIRUPHG WR LQYHVWLJDWH WKH LQIOXHQFHRI D IHZ LPSDFW SDUDPHWHUV RQ WKHEDUULHU
SHUIRUPDQFH,QSDUWLFXODUWKHEORFNVL]HWKHYHORFLW\GLUHFWLRQDQGWKHEORFNSRVLWLRQSURGXFHVGLIIHUHQWPRGHVRI
IDLOXUHDQGWKXVGLIIHUHQWYDOXHVRIIDLOXUHHQHUJ\RIWKHV\VWHP$VDUHVXOWWKHEDUULHUFDSDFLW\FDQQRWEHHVWDEOLVKHG
LQDGHWHUPLQLVWLFZD\DVWKHQRPLQDOFDSDFLW\RIIOH[LEOHURFNIDOOEDUULHUVLVJHQHUDOO\LGHQWLILHG7KHHIIHFWLYHQHVVRI
WKHVHVWUXFWXUHVFDQEHPRUHVXFFHVVIXOO\HYDOXDWHGWKURXJKDUHOLDELOLW\SUREDELOLVWLFDSSURDFK5HVXOWVFDQEHXVHG
WRFUHDWHDPHWDPRGHORIWKHEDUULHUEHKDYLRXUZKLFKFDQEHLQFRUSRUDWHGLQWRURFNIDOOVLPXODWLRQPRGHOV7KHPHWD
PRGHODLPVDWPLPLFNLQJWKHUHVSRQVHRIWKHEDUULHUDFFRXQWLQJIRUWKHSDUDPHWHUVUHODWHGWRWKHEORFNWUDMHFWRU\7KH
SURFHGXUHZLOO LPSURYHWKHHIIHFWLYHQHVVRIWKHFDOFXODWLRQRIWKHUHVLGXDOULVNVDORQJURDGVZKLOHFRQVLGHULQJ WKH
EDUULHUHIILFLHQF\WKXVSURYLGLQJDUHOLDEOHWRROWRVXSSRUWDVXFFHVVIXOSODQQLQJRIURFNIDOOPLWLJDWLRQLQWHUYHQWLRQV
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